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Abstract: This paper reports on the design and development of a Behavior Change Intervention 9 
(BCI) device and service provision aimed at supporting the personal hydration habits of NHS ward-10 
based nurses. A conceptual solution is proposed that has been developed using an iterative design 11 
process, following an adapted version of the double-diamond approach, over a seven-month time 12 
period from 11 October 2019 – 13 May 2020. The research was completed in collaboration with the 13 
Guy’s and St Thomas’ NHS Foundation Trust, United Kingdom. A thematic review of related 14 
literature was completed to identify key research questions. Consultation with a senior long-serving 15 
NHS nurse and a real-time observation study was completed in an NHS ward to answer these 16 
questions within the research scope. Collected data was analyzed and insights into the behaviors of 17 
nurses and the contextual factors influencing them, were provided. Re-usable BCI devices and a 18 
habit formation program, incorporating a smart fob watch and water station, is proposed inside of 19 
a cradle-to-cradle system. Finally, the parameters of the developed solution are defined, and the 20 
device and user experience are visualized using computer renders and storyboards. Aspects of the 21 
device functionality and feasibility have been proven and visualized using graphic devices, and 22 
their use for data collection to inform healthcare management and improvements is discussed. 23 
Keywords: behavior change intervention (BCI); hydration; health and wellbeing; hospital 24 
management; public sector intervention. 25 
 26 
1. Introduction 27 
The 2019 NHS Staff Survey collected data from all NHS trusts in the United Kingdom, 28 
generating responses from 497,117 employees [1]. The survey highlighted the prevalent issues for 29 
employees working in NHS environments, with ‘Health and wellbeing’ being observed as a key issue. 30 
39.8% of staff reported feeling unwell due to work-related stress, with only 26.8% feeling that positive 31 
action on health and well-being was being taken by their employer. 51.4% considered leaving their 32 
current position, with 21% considering leaving the NHS altogether. Whilst these figures cover many 33 
roles in the NHS, not solely nurses, they indicate the need for health and wellbeing focused initiatives 34 
at an organization-wide level, which can improve staff retention and reduce recruitment expenditure. 35 
In recent years, awareness of the importance of nurse health and well-being has increased, as 36 
has its relationship with patient care quality and staff retention. It is evident that patients are happier 37 
when treated by nurses who themselves are happy and healthy, and that a focus upon staff health 38 
and well-being within NHS trusts is linked to improved staff retention [2]. El-Sharkawy et al. [3] 39 
found that 45% of nurses and doctors in one NHS hospital were dehydrated at the end of their shift 40 
and showed signs of cognitive impairment which is linked to dehydration [4]. Currently, there is no 41 
NHS-wide focus on the different facets of health and well-being [5], just on improving it in general. 42 
Given the lack of standardized well-being solutions available to NHS trusts, there is an opportunity 43 
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to fill this gap. The behavioral and habitual nature of drinking water and staying hydrated suggested 44 
that designing for behavior change can be successful, but requires an understanding of the contextual 45 
factors and the target group [6]. Given the behavioral nature of consuming water, this study aims to 46 
develop a conceptual solution, employing behavioral change theory and a user-centered design 47 
approach, to support and develop personal hydration behaviors in NHS hospital-ward-based nurses. 48 
A second objective is to achieve this with minimal detriment to the environment and employee health 49 
and wellbeing. 50 
1.1. Related Work 51 
The health and wellbeing of NHS employees has been widely studied by researchers and policy 52 
makers during the last decade. Similarly, the behavior change, management and habit formation of 53 
employees in public sector working environments, including NHS wards, has been explored by 54 
public health specialists worldwide. 55 
1.1.1. Health and wellbeing in the NHS 56 
El-Sharkawy et al. [3] examined the dehydration levels of 88 doctors and nurses in a UK-based 57 
NHS hospital. Urine and blood samples were taken at the end of 130 shifts while participant cognition 58 
was assessed using multiple tests. At the start of shifts, 36% of participants were dehydrated, while 59 
at the end of shifts, 45% were dehydrated. Dehydrated participants were found to be cognitively 60 
impaired using short-term memory tests. This study provides evidence to support the existence of a 61 
problem relating to hydration within NHS hospital wards and its potential to affect staff cognition, 62 
thereby affecting patient care and healthcare delivery. The findings may not be applicable to the 63 
entire NHS and international healthcare providers, and the inclusion of doctors means that the data 64 
does not wholly support the existence of a dehydration problem for nurses. Further research would 65 
be needed to confirm the levels of dehydration in healthcare staff across the NHS. Boorman [2] 66 
discussed the findings of a review of NHS staff health and well-being. They found that organizations 67 
that paid significant attention to employee health and wellbeing performed better, improving patient 68 
satisfaction and staff retention levels while lowering the amount of sick days taken. Similarly, 69 
stronger quality scores were achieved with better patient outcomes. Boorman [2] also believed that it 70 
would be possible to eliminate a third of staff sickness with well-being improvements, which would 71 
save the NHS approximately £555 million per annum or be equivalent to hiring 14,900 more staff. 72 
Hydration is a cornerstone of health and well-being, as highlighted by Maslow [7], giving a financial 73 
incentive for the NHS to focus on its improvement. The researchers also compared 2009 staff sickness 74 
rates [8] against 2019 staff sickness rates [9] and found that there has been no significant change; thus, 75 
the prior figures may be considered reliable. Boustead [10] discussed how hydration stations had 76 
been developed and placed in a hospital managed by the West Suffolk NHS Foundation Trust. They 77 
comprised accessible enclosed spaces where water bottles, cleared with infection control, could be 78 
stored and refilled. Water bottles were provided to all staff and contained a guide to the location of 79 
water points within the hospital. This initiative is now also used at a neighboring trust, although the 80 
schemes are funded by charities set up to support healthcare staff. It is difficult to identify the efficacy 81 
of such solutions, but it is important to consider that individual trusts may already have their own 82 
approaches to tackling dehydration. Furthermore, it demonstrates that it is possible to implement 83 
hydration stations on wards. 84 
1.1.2. Water, Hydration and Health 85 
Armstrong and Johnson [4] proposed a new method for measuring hydration levels using 86 
neuroendocrine responses detectable in blood plasma. They highlighted that there is no existing 87 
consensus on the recommended daily water intake for men, women and children. They proposed a 88 
new research approach for defining these recommended levels, but this has not yet been undertaken. 89 
Further, it is stated that indications of dehydration in blood plasma are likely linked to multiple 90 
chronic diseases and a decrease in cognitive brain function. From this, the authors concluded that 91 
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there is currently no means for accurately determining daily water intake or monitoring hydration 92 
levels without analysis of bodily fluids, which is considered an intrusive procedure. This led to the 93 
authors avoiding the tracking of water intake levels. The researchers also suggest that the findings of 94 
El-Sharkawy et al. [3], which linked dehydration to cognitive impairment, are valid. Elmadfa and 95 
Meyer [11] discussed hydration data taken from a European-wide sample. Daily water intake ranged 96 
between 1500ml to 2000ml and it was found that there is no ‘healthy figure’ as fluid is absorbed 97 
through the food people eat, and the amount required is dependent on physical characteristics. A 98 
conclusion drawn is that regular fluid intake, consisting mainly of water, promotes a healthy fluid 99 
balance. This suggested that the current research should avoid specific consumption levels in 100 
potential solutions, indicating that increasing hydration regularity and focusing on promoting water 101 
as a main hydration source may be more successful. It should be noted that this study does not 102 
examine the diet and lifestyle of nurses in maintaining a healthy fluid balance and there may be other 103 
factors at play here. 104 
1.1.3. Behavior Change and Habit Formation 105 
Michie et al. [12] discussed the creation of a Behaviour Change Technique (BCT) taxonomy. 106 
Experts rated labels and definitions of 124 BCTs from six classification systems. Another group of 107 
experts categorized the BCTs, based on method similarities, resulting in 93 BCTs (duplicates and non-108 
applicable BCTs were eliminated) in 16 groups. The research, however, does not provide guidance 109 
on how to select appropriate BCTs but was useful for ensuring that the techniques selected are 110 
accepted and valued and led to other areas of investigation. Fernandez et al. [6] outlined a theory and 111 
evidence-guided six-step model for developing health-promotion interventions. It was stated that 112 
identifying and understanding environmental and contextual factors is vital, alongside an 113 
understanding of the health issues to be addressed and the desired outcomes of the intervention. 114 
Further review of relevant literature, an understanding of theory, and identification of the correct 115 
Behavior Change Interventions (BCIs) is also required. The involvement of stakeholders in the 116 
development process is stated as leading to more successful outcomes. Whilst this six-step model 117 
draws parallels with the user-centered design approach, and held valuable guidance for this study, 118 
it was more relevant to projects of a larger scope. Thus, the authors used aspects of this model to 119 
inform their process but did not wholly rely on it. 120 
Yardley et al. [13] summarized research questions into Digital Behaviour Change Intervention 121 
(DBCI) engagement. DBCIs are defined as “interventions that employ digital technologies such as the 122 
Internet, telephones and mobile and environmental sensors”. Engagement levels with DBCIs were 123 
linked to user knowledge, skills, behavior motivations, culture and context, all aspects intrinsic to 124 
user-centered design. Researchers agreed that the DBCI market is novel while investigation into 125 
factors that affect the success of DBCIs is limited. This article indicated that there is an opportunity 126 
for developing solutions that can contribute to knowledge surrounding DBCIs. Gardner and Rebar 127 
[14] discussed the psychological definition of habits, their formation and how they can be used in 128 
BCIs. They stated that for a habit to form, a behavior must be performed repeatedly in the presence 129 
of cues or in a specific context. The habit is formed when the behavior becomes triggered by an 130 
impulse, rather than a reflective and deliberative process. Four requirements for habit formation were 131 
listed: a person must decide to act, then they must act, and must do so repeatedly, in a manner 132 
conducive to developing cue-behavior associations. It was also stated that cues of high salience, 133 
frequency and consistency quicken the rate of habit formation. 134 
Lally et al. [15] presented findings from a 12-week study into habit formation with 96 135 
participants. They were asked to focus on one activity, once a day and associated with a cue (i.e. 136 
breakfast), with 31 participants focusing on hydrating. For participants to reach behavioral 137 
automaticity (habit formation), the median time taken was 66 days with a range of 18-254 days. The 138 
effectiveness of the habit formation was shown to correlate with the consistency of behavior 139 
performance. This research was valuable in indicating how long it can take to form habits and the 140 
factors that contribute to this. It also highlighted the need for participants to have the motivation to 141 
interact effectively with BCIs. Foster et al. [16] studied asthma medication adherence, using a device 142 
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that prompted users when they needed to take medication. The purpose of their research was to 143 
investigate whether behaviors changed and how users perceived a tool that can help. This was found 144 
to encourage habit-formation, behavior changes and attitude changes. Users who formed a routine 145 
found that this aided sustained behavior change, as well as experiencing the ‘reward’ of their asthma 146 
improving. Users who deemed their medication less necessary or that only took it when 147 
symptomatic, considered the prompts to be a less acceptable interruption. It was registered that some 148 
users’ adherence improved within one month, with most users liking the idea that it was a training 149 
program. This study confirmed the importance of a desire to engage with BCIs and to form new 150 
habits and routines, and the importance of noticing a positive outcome through doing so. 151 
Klöckner and Blöbaum [17] discussed a ‘comprehensive action determination model’ and 152 
explained the four types of influencer that affect behaviors: intentional, normative, situational, and 153 
habitual. It is stated that these are not mutually exclusive, but that normative processes (social norms, 154 
personal norms, awareness of need and awareness of consequences) influence habitual and 155 
intentional processes. These are in-turn restricted by situational influences, and these factors 156 
combined result in a behavioral outcome. The authors further stated that norms are less respectful of 157 
time, and thus establishing them may be a stable way to influence behaviors. This article highlighted 158 
the primary factors that influence behaviors, which is pivotal to the design process for this research. 159 
1.1.4. User Interface Design 160 
Alzahrani and Alnanih [18] discussed the effects of the user experience approach on user 161 
interface design quality, with specific reference to the use of personas to characterize different user 162 
group requirements in healthcare scenarios. It was found that different personas highlighted different 163 
priorities when making design decisions and that it was essential to be aware of existing user 164 
behaviors. It was concluded that the design of a ‘friendly’ User Interface (UI) can save time, improve 165 
usability and access, and reduce stress. In our research, personas were developed using their 166 
recommendations, which were used to ensure the usability of the developed user interface. Norman 167 
[19] discussed the importance of mental models, affordances, signifiers and natural mappings. These 168 
are elements that contribute to the design of effective interfaces. For example, combining the 169 
affordance for a button to be pressed with a signifier (such as a symbol or icon) that this button relates 170 
to an action on a screen is likely to result in the intended outcome for the user. Applying the correct 171 
mental models of how a system functions also helps users to interpret the affordances and signifiers 172 
correctly. Furthermore, mapping interface controls in a layout that is visually relevant to the item 173 
being controlled reduces the learning users must undergo before correct and efficient interactions can 174 
take place. In line with this, Yardley et al. [13] agreed that an easy to use interface is related to 175 
motivating effective BCI engagement, which is important for ensuring success. 176 
1.1.5. Summary 177 
Extant research has found that a high proportion of nurses are dehydrated at the end of their 178 
shifts and that this can cause cognitive impairment [3]. Further, it has been shown that a focus on 179 
health and well-being within NHS trusts improves staff retention and reduces staff sickness rates [2]. 180 
A reduction in sickness could save the NHS approximately £555 million - an incentive for a program 181 
that focuses on nurse hydration. It has been highlighted that there is currently no NHS-wide initiative 182 
that targets specific aspects of health and well-being [5] and that proper hydration provides a 183 
foundation for this [7]. Not much is known about the optimum level of daily water intake [4], but 184 
increased frequency of water intake benefits health and hydration [11]. Thus, reinforcing regular 185 
hydration may minimize the risk of cognitive impairment. At present, there is not a large body of 186 
knowledge on DBCIs, although it is known that user-centered design principles can ensure successful 187 
engagement [13]. There is, however, comprehensive understanding about how to effectively achieve 188 
habit formation [15], with emphasis being placed on user desire to engage with BCIs [16]. Ensuring 189 
that people engage with BCIs is largely dependent on norms, habits and contextual factors [17], while 190 
regular salient prompts and cues are vital to ensuring successful habit development [14]. In 191 
uncontrolled environments, habits have been shown to form between one month [16] and upwards 192 
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of 66 days [15], with improved results from consistent engagement with BCIs. Given that these 193 
periods relate to once-daily actions, it may be appropriate to expect a shorter period with increased 194 
frequency [14]. An easy to use UI is important for ensuring that people engage with devices and 195 
benefit from their use [18]. This can be achieved by using correct mental models, affordances, 196 
signifiers and natural mappings [19]. The findings of this review guide the decisions taken during 197 
the design and development of the proposed solution. 198 
2. Methods 199 
The Double-Diamond Model for innovation and design development [20] was deemed an 200 
appropriate methodology for the design of the conceptual solution. The first half of the model focuses 201 
on discovery and definition of the problem and context. This was used, although during the second 202 
half of the model it was discovered that there was another narrowing stage. The authors coined this 203 
‘The Triple Diamond Model’, as illustrated in Figure 1, which contains notable project stages. This is 204 
similar to the Double-Diamond model, as it does state that the diamonds can and should be repeated 205 
iteratively, but in the context of this research, the triple variation illustrates the process more clearly. 206 
 207 
Figure 1. The triple diamond variation of the Double Diamond Model. 208 
Before choosing appropriate method(s) for investigating the problems experienced by nurses, 209 
the first author viewed and analyzed the documentary ‘The Big Hospital Experiment’ [21], which 210 
details the testing of a volunteer healthcare assistant program – covering many of the usual duties 211 
that nurses undertake. This was used to learn more about contextual factors that might influence 212 
hydration behaviors in hospital ward environments, and to reinforce the authors’ understanding of 213 
ward-based nursing. Hand-written notes were taken during the documentary, focusing on the 214 
general daily routines of nurses, the activities they undertake, and how and when breaks were taken. 215 
After analyzing the notes taken, a user persona for nurses operating on NHS wards (Figure 2) was 216 
developed to provide inspiration and guidance for design decisions, which gave an understanding 217 
of the ward environment and nurses’ responsibilities. Further insights were taken from a Royal 218 
College of Nursing report on Hydration in Nursing [22]. The Nursing and Midwifery Council registry 219 
data [23], on the profile of its members, were also consulted to help define the user group; however, 220 
this did not include data from private organisations, midwives and nursing associates. The persona 221 
was created using recommendations made by Van Boeijen et al. [24] and based upon the personas 222 
used by Alzahrani and Alnanih [18]. 223 
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 224 
Figure 2. Preliminary nurse user persona. 225 
Then, the analyzed notes were organized into a list of summative points that were aligned to 226 
research findings to formulate questions that could be answered through interview and observations 227 
of nurses at the collaborating NHS trust, confirming that the appropriate methods were selected. The 228 
list of key research questions are shown in Table 1, together with supporting literature. The 229 
completion of this qualitative research also contributed to the planning of the research methods used. 230 
Table 1. Key research questions. 231 
Research Question Method 
Supporting 
Literature 
What are the key activities that nurses must complete during a 




What are the key touchpoints for nurses in a hospital ward? Observation [13] 










What are the key pain points regarding hydration for nurses in 


















How would nurses feel about using devices that act as 
behavior change interventions? 
Interview [13,15,17] 
First, a 30-minute audio-recorded telephone interview was conducted with a long-serving, 232 
highly skilled and knowledgeable midwife who had previously worked as a senior nurse in hospital 233 
wards in the NHS. The in-depth interview focused on the participant’s experiences, daily routines 234 
and activities while working on the ward, both as a nurse and midwife. Further, questions were 235 
narrowed to focus on hydration, specifically examining what made it easy or difficult to drink water 236 
during shifts. The audio recording was transcribed using Otter.ai, an automatic transcription 237 
program, and later edited by the first author to correct inaccuracies. Key sections were highlighted 238 
and annotated based on insights given and the key research questions they related to. Key insights 239 
were then summarized, alongside key quotes, to allow the authors to refer at a later stage. 240 
Second, an observation study was conducted in the ‘Patience’ Urology ward in Guy’s Hospital, 241 
which was closed to the public. The sample of those observed included all present nurses and the 242 
nurse management team of any age. The observation was completed using a ‘fly on the wall’ style. It 243 
took place in the ward on the morning of Wednesday, 4 March 2020, from 10.20am to 11.50am, during 244 
a period when nurse tea-breaks were being organized. This was deemed an appropriate observation 245 
period by the authors, given the variety of activities undertaken by nurses during this length of time, 246 
and the insights gained from speaking with nurse management staff. Prior to the observation, the 247 
Guy’s Hospital uniform guide was reviewed, so that the author was aware of whom to include in the 248 
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study. At the beginning of the observation, the author made a request to be taken around the ward 249 
and to be shown where nurses typically drank and took their breaks. During this tour, the author had 250 
the opportunity to ask questions about normal behaviors regarding hydration (i.e., hydration 251 
frequency and chosen drink) and what the preferred behaviors were from a nurse management 252 
perspective. The author then sat next to the Nurses’ Station (NS), out of the main area of the walkway, 253 
and took tallies and hand written notes on aspects related to the key research questions, which 254 
included: (1) Number of bottles being kept at the NS; (2) Number of nurses that had a drink of water 255 
at the NS; (3) Number of nurses wearing fob watches; (4) Typical uniform characteristics; (5) 256 
Commonalities in uniform adornment; (6) Reasons for returning to the NS; (7) Information points; 257 
(8) The different stimuli; (9) How breaks were arranged and taken; and (10) Routine activities. 258 
Immediately following the observation, the first author interpreted and summarized the notes in a 259 
list of key insights pertinent to the identified key research questions. 260 
The inclusion of the observational study further inspired the creation of a single event case study 261 
that employed the in-depth findings of the observation study conducted at the Guy’s and St Thomas’ 262 
Patient ward, a 17 bed Urology hospital ward. The case study aimed to assist the understanding of 263 
the phenomena of nurses’ hydration habits in hospital wards and to determine how the proposed 264 
device and BCI program could be embedded into real-world hospital ward environments. The case 265 
study also allowed for the data captured from the in-depth nurse interview to be cross validated to 266 
enhance the study’s reliability. 267 
2.1. Development of Conceptual Ideas 268 
Brainstorming techniques, suggested by the Design Council [20] and IDEO [25], were used to 269 
identify a range of potential solutions. These were narrowed down to five solutions based on viability 270 
and achievability: (1) Education Materials; (2) Prompting Devices; (3) Workflow Analysis Service; (4) 271 
Water Bottle Cleaning and Filling Service; and (5) Future-focused Ward Redesign for Staff Well-272 
being. It was decided, in collaboration with an NHS Clinical Champion, that the interview and 273 
observational study would be used to discover whether the development of education materials or 274 
prompting devices would be most effective, as the other solutions were either outside the scope of 275 
the project or not financially viable. Whilst analysis of nurse workflow, to inform managerial and 276 
organisational adjustments, could improve the health and well-being of nurses, it was discounted 277 
due to the predicted need for extended research access to hospital wards and the costs that this could 278 
incur. Similarly, the investigation of all factors that influence nurse health and well-being for the 279 
purpose of informing future ward designs has also been discounted, primarily due to the extended 280 
period that this research was predicted to require being outside of the study scope. The use of 281 
hydration-focused education materials, to initiate behavior change, could have been combined with 282 
a diary tool for personal development; both methods are found in the taxonomy developed by Michie 283 
et al. [12]; the authors agreed that this was a feasible approach, especially if focused on nurse 284 
education environments which can be easier to access for study. This would have identified how 285 
much nurses know about hydration and how to build it into their workflow. If the main issue were 286 
discovered to be that nurses are overworked, ward-based nurses might not have had the required 287 
attention to focus on creating new routines. As a result, such an approach was thought to more likely 288 
help nurses in education become healthier in the future, rather than help the existing workforce. 289 
The alternative conceptual solution envisioned using devices that prompted users to drink, 290 
based on their location and the time since their last water consumption. It was suggested that these 291 
could be integrated into devices already in use or into clothing. They were seen to offer the potential 292 
to be used as a training program which could be workshopped for short periods with ward 293 
management teams. This would aim to develop behaviors within short timeframes and enable the 294 
device to be reused in different wards, reducing overall costs and reducing the cost to the 295 
environment through minimization of resource consumption and transportation. By doing this, it 296 
would allow for iterative development between different wards or trusts to refine the solution, 297 
making it less of a financial commitment. The authors agreed that this solution would be a viable 298 
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approach and it was suggested that combining this with education materials might ensure success 299 
and motivate individuals to engage with the device. 300 
3. Results 301 
3.1. Interview Findings 302 
The insights gained from the interview helped to guide the subsequent observation. Through 303 
discussion with the participant, it was found that some nurses with whom they worked use water 304 
bottles, usually keeping them at the nurses’ station. However, they did state “I hear a lot of people 305 
say, “I brought two liters of water and I haven’t drunk any” … “A lot of staff will come away with a 306 
bottle of water and they haven’t had time to drink it”. This is likely linked to the ethos that patients 307 
must always come first, highlighted when the participant said: “The demand on your job would be 308 
first, so you would always put your patient and area first. So, you will deprive yourself for the sake 309 
of the service”. This points to the fact that healthcare staff may ignore their need to drink water.  310 
The participant mentioned that in a 12.5-hour shift, they would take one half hour lunch break 311 
and a 10-minute break in the morning and afternoon. However, the participant also stated that “You 312 
do get time to make yourself a cup of tea… whether you get to drink it is another thing”. From this, 313 
it was understood that breaks may often get cut short and staff do not always drink enough during 314 
these breaks. On the topic of being prompted to drink by a device, the participant thought that this 315 
might help. They questioned how this would work, mentioning the ‘bare below the elbows’ policy 316 
i.e., nurses cannot wear normal watches, often leading to “fit bits” (interpreted as any kind of watch-317 
type health tracker) being worn on ankles or above the elbow. The first author, at this time, had an 318 
awareness of fob watches and asked whether these were allowed and, if so, were they considered 319 
useful. The participant stated that they are allowed but must be purchased by the staff themselves. 320 
They went on to say that “The digital ones are handy as well – they would be useful because you can 321 
see them at a glance”. The author enquired further about other devices that nurses and midwives can 322 
have on their person and found that they do not carry devices with them as mobile phones are not 323 
allowed. From this, it was deduced that the only device that midwives or nurses can always carry is 324 
a fob watch – a potential way to incorporate a BCI into this restricted environment. 325 
3.2. Observation Findings 326 
As stated, tallies were taken at the NS, which was comparable to a ‘reception’ area. The results 327 
are shown in figure 4. The proportion of nurses wearing fob watches was less than half – some nurses 328 
may not own them. Six water bottles were kept at the NS, though it was not clear if they all belonged 329 
to nurses or were kept there by other members of staff. The ward matron had earlier mentioned that 330 
staff were discouraged from doing this for hygiene reasons. During the two-hour observation period, 331 
only two occasions of water being drunk by a nurse were recorded. A touchpoint to note is that six 332 
nurses used the three computer terminals at the NS – a potential point at which to remind nurses that 333 
they may need to consumer more water. 334 
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Figure 3. Tallies of observation study. 336 
Nurses returned to the NS regularly, usually to discuss patient care and the arrangement of 337 
breaks. Whiteboards and charts on the walls at the NS were also consulted, and occasionally a nurse 338 
would use a computer or phone – potential touchpoints for a BCI prompt. Because of the focal nature 339 
of the NS, multiple conversations would take place here – often with multiple phones ringing, 340 
creating an environment full of auditory stimuli. It was noted that all nurses were wearing a name-341 
badge and a lanyard holding their ID card – potential integration points for a BCI device. 342 
3.3. Revised Nurse User Persona and User Journey 343 
Following analysis of interview and observational data, a new nurse user persona was created 344 
(Figure 4). Alongside this, a user journey was created, as shown in Figure 5, using insights from both 345 
primary and secondary research. Creating the persona and user journey allowed for the visualization 346 
of the insights gained and aided in identifying and understanding the environmental and contextual 347 
factors surrounding the problem – something stated as essential by Fernandez et al. [6]. This was 348 
based on a 12.5-hour shift – the longest period a BCI would be required to operate. The ‘required 349 
attention’ category is based on the first author’s perception of the tasks that are completed, using a 350 
relative scale. It has been included as reducing extraneous cognitive loading reduces the attention 351 
spent [26], which reduces error occurrence due to attentional narrowing and distraction [27]. Adding 352 
distractions in a safety critical environment could lead to injury; thus, interactions with the solution 353 
were designed around the available attention. 354 
 355 
Figure 4. Revised nurse user persona. 356 
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Figure 5. Proposed user journey. 358 
4. The Proposed System 359 
From this point, the paper reports the development of a behavioral change intervention system 360 
to support the hydration habits of nurses, using a fob watch-integrated BCI device that prompts 361 
nurses when to drink, as shown in Figure 6. This was chosen as the checking of a watch for the time 362 
was perceived as a habitual action – an opportunity to form a new habit of checking the time and 363 
hydration levels simultaneously. Using a habit based BCI would provide an opportunity for the 364 
devices to only be required for the short period that habits take to form and would thereby offer an 365 
environmental and financial benefit. For the context of this study, hydration habits were defined as 366 
“the regularity with which one considers whether they need to drink, and the regularity with which 367 
one chooses to drink”. This decision was based upon the findings of Elmadfa and Meyer [11]. Given 368 
this definition, hydration habits would be considered to have improved if the frequency of both 369 
actions had increased in a manner that would not impede the completion of other normal actions or 370 
duties. The idea of a smart-watch is not foreign to nurses, as many health trackers already take this 371 
form – conceptually making a new BCI device understandable and easy to motivate interaction with. 372 
A fob watch is usually worn in plain view of others – an opportunity to create a visual indication of 373 
a nurse’s hydration level and an opportunity for staff to support each other if they require water. This 374 
idea was prompted by the verbal arrangement of breaks, an opening to help staff gauge who needs 375 
relieving. The use of this prompting device was proposed as part of a habit formation program, 376 
whereby the device would be used for 8-12 weeks, based on the findings of Lally et al. [15] and Foster 377 
et al. [16]. This period would be confirmed during the trial phase of the device development and 378 
could be adjusted over time as data is collected. Data collection capabilities were proposed to enable 379 
iterative development as the program grows – data analysis may provide insights into why behaviors 380 
exist and how they change. This data could also expand the limited research into nurse hydration, 381 
potentially informing future decisions on how staff welfare is managed. In this way the BCI device 382 
could also lead to larger scale developments in future. 383 
 384 
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Figure 6. Proposed solution parameters. 385 
The associated training program would be run as a service, similar to the NHS Improvement’s 386 
90-day staff health and well-being workshops [5]. The service would include the setting up of devices, 387 
the provision of a means to charge them, and a temporary water bottle storage point. In addition, it 388 
may be necessary to provide hygiene-assured bottles, although this would have cost implications. 389 
The fob watch user guide would include information on best hydration practices – creating this 390 
would require a more comprehensive review of existing literature and guidelines. At the close of the 391 
program, nurses would return the devices, and would be either encouraged to purchase their own 392 
fob watches for daily use or would be provided with them depending on the service budget. This 393 
concept direction was agreed as a viable approach, with the deliverables being set as: (1) 394 
Identification of suitable technologies; (2) Development of a UI; (3) A fully visualized fob watch 395 
design; (4) Device computer logic development; and (5) Service parameter identification. 396 
4.1. Technology Selection 397 
The focus of the proposed deliverable was hydration regularity and prompting users when they 398 
had not consumed a drink for a certain time period. At a basic interaction level, this meant that the 399 
device would need to register when users drink, preferably automatically to place this burden on the 400 
system. Given the suggestion of providing a bottle storage point as part of the service, it was 401 
appropriate to explore the fob watch and water bottle communicating wirelessly. If a water bottle 402 
acted as a wireless ID tag, the watch could then register when a nurse drank from it, using proximity 403 
or motion detection. Another option considered was if users spent a defined amount of time at 404 
wirelessly tagged water-points, such as the bottle storage station or break room, although this would 405 
be open to increased error e.g., a nurse may not always have had a drink when visiting the station. 406 
The last option was that nurses record their own drinks on the device, though this could lead to lower 407 
compliance rates. Due to the wireless nature of the interactions, the authors researched different 408 
wireless technologies and defined six key interaction points: (1) Wireless communication and 409 
sensing; (2) Interface / watch control; (3) Prompts / cues; (4) Attachment to uniform; (5) Watch 410 
identification so that nurses could use the same watch each time; and (6) the watch’s display. 411 
This identification led to a second brainstorming stage – the results of which are shown in Figure 412 
7. This stage explored the available options for each category. Wireless communications were 413 
narrowed down to Bluetooth Low Energy (BLE), a form of communication designed for lower-414 
fidelity data and low-power devices [28]. BLE does, however, require active tags, meaning that all 415 
data points must have a power source, though on low power consumption these could last for months 416 
or even years with a small battery; this is demonstrated by the Tile Sticker [29], a 27mm wide BLE 417 
tracking device that that has a battery life of two years. 418 
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 419 
Figure 7. Results of second brainstorming session. 420 
Two BLE enabled Arduino Nano boards were used to test the wireless communication. The BLE 421 
boards can pair with each other, with one board being set as a central device, similar to a Wi-Fi router, 422 
and the other being set as a peripheral device, similar to a device connected to a Wi-Fi router. The 423 
devices can then pair, meaning that they remember each other’s identity and can be set to only be 424 
connected to that device. Giving the water bottle gyroscopic and acceleration sensing capabilities 425 
would allow it to automatically detect a drinking motion (i.e., the water bottle is raised and tipped to 426 
horizontal for over a second), and to register if a drink was taken in close proximity with the paired 427 
device; this can be detected using the BLE signal strength, RSSI [30]. The bottle can then send a data 428 
packet to the watch device, which will register that a drink has been taken and will reset the hydration 429 
tracker. This would mean that each nurse would need a bottle with this capability, which would be 430 
expensive if the technology was embedded into the bottles, not mentioning the challenge of 431 
waterproofing the contained electronics. To avoid this expense, it was decided that the technology 432 
would be embedded into a small housing that could be temporarily attached to the water bottles, the 433 
Bottle Device (BD). If the BD was required to be waterproof, enclosing it in silicone using over-434 
molding would be a cost-effective way to achieve this on a batch production scale [31]. This would 435 
mean the devices would become single use, having an environmental impact, as the batteries could 436 
not be charged or replaced. In using BLE, this would be possible, though may add expense if the 437 
devices were disposed of at the close of each program. A more expensive manufacturing method 438 
would be to have a charging port covered by a seal to allow device reuse, but a cost-benefit analysis 439 
would be required during future development to establish the optimum method in terms of 440 
sustainability and expense. This research progressed by using disposable, sealed BDs. Given the 441 
service nature of the solution, the devices could be disposed of and recycled in a cradle-to-cradle 442 
system to mitigate any environmental impacts. 443 
4.2. Fob Watch Interface, Prompts and Display 444 
Whilst the interactions were to be mainly automatic, users would need to communicate with the 445 
device. The ward environment contains many stimuli so the watch interface could not add 446 
distractions or be affected by external stimuli, ruling out voice control. Gesture control has been used 447 
in many modern devices, though it can be unreliable and less efficient than using a simple button 448 
press. For the watch control, this left only mechanical buttons, which can be very low profile (i.e., 449 
smartphone volume buttons), and touch buttons or a touch screen. To determine the most 450 
appropriate communication methods, it was necessary to identify the types of information that 451 
would need to be communicated. The authors split these into two categories: the ‘Tracker’ and the 452 
‘Watch’. The Tracker element would communicate the added functionality of the fob watch, such as 453 
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the length of time since the user’s last drink (the prompt), and the BLE connection status. The Watch 454 
element would communicate the usual elements, such as the time and use of a stopwatch function. 455 
This was broken down further to determine the required communications: Time since last drink; 456 
Drink registered successfully; BLE pairing/connection successful; Battery Level; Time of day; 457 
Stopwatch; System error occurred; and Factory reset successful. 458 
Sound was eliminated for the prompting method due to potential conflicts with other auditory 459 
stimuli and the variety of prompts that would be required in the hospital ward environment. 460 
Vibration was eliminated due to the physical nature of nursing. This would make vibrations hard to 461 
identify, especially given Phantom Vibration Syndrome where users believe a device has vibrated 462 
when it has not [32]. This left either indicator lights on the watch body, or on-screen icons, depending 463 
on the type of display chosen.  464 
One display option was to use an analogue watch mechanism to display the time and rely on 465 
another feature for the remaining communications. The authors decided against this, given the 466 
interviewee’s comment that digital fob watches are more convenient. Another option was to use a 467 
reflective seven-segment LCD, as used by many modern digital watches. This would be inexpensive 468 
if a standard display were used, although it would be possible to manufacture a custom display that 469 
could show more relevant information at a slightly higher cost. These displays are also low powered, 470 
another positive for a sustainable wireless device. Another option would be to use a backlit LCD, like 471 
many computer monitors, or an LED display. This would have required added expense and been 472 
power intensive, but would have been able to show a higher information fidelity. The last option was 473 
a dot-LED display, seen in recent fitness trackers; this would have been a low-power and inexpensive 474 
solution, but would have been limited in terms of the information it could display. Ultimately, it was 475 
decided to use a combination of a seven-segment reflective LCD screen and LEDs placed on the body 476 
of the watch for the Tracker. This decision was made in part to separate the Tracker and Watch 477 
displays to make it easier to see them at a glance but to also provide the Tracker prompts higher 478 
salience, a requirement for habit formation [14]. This approach would also minimize cost and power 479 
consumption. Furthermore, it was determined that three LEDs would be sufficient for the Tracker’s 480 
display, based on the number of available combinations and that white LEDs would be the safest 481 
option. It should be noted that white LEDs are more expensive than red, green, or blue LEDs. They 482 
can also show a range of other colors, leaving the tracker display open to expansion, if required. 483 
White LED combinations were also considered to avoid potential color associations from confusing 484 
the interpretations of the messages being shown. These associations can vary in meaning between 485 
cultures [34] and could be unpredictable for a multicultural target group. Given these decisions, it 486 
was decided to use mechanical buttons as the main interface. 487 
4.3. Form, Attaching and Identifying 488 
Forms were ideated using thumbnail sketches on paper, as shown in Figure 8. The form covers 489 
three key elements: Overall shape, How the device is attached to clothing, and How nurses identify 490 
the correct watch at the start of a shift. Many different forms were considered, including a device that 491 
would attach onto a fob watch, but this was discounted due to infection control reasons. Fob watches 492 
are available in several variations, such as in silicone housings, attached to a metal chain, or attached 493 
to a clip. The silicone and chain watches use a lockable safety pin to attach to clothing, with the 494 
silicone watch being more common during the observation study at Guy’s Hospital, possibly due to 495 
its ease of cleaning, clinical appearance, and low price. For these reasons, a silicone housing style 496 
solution was chosen, ensuring user familiarity with the device. Two main forms were identified, 497 
circular or a rounded square. The rounded square was chosen, as the authors found it difficult to 498 
apply pressure to a circular silicone watch (Figure 9), as though buttons were being pressed. 499 
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 500 
Figure 8. Thumbnail sketches. 501 
 502 
Figure 9. Difficulty applying pressure to round body. 503 
Different methods for attaching the watch device to clothing were also considered, with the 504 
locking pin chosen in this case. Whilst attaching using a pin could be more time consuming than 505 
something that clipped directly onto a pocket, it was selected as it would be inexpensive to produce 506 
and provided the least complex manufacture process; further, it would be easy to repair or replace if 507 
broken or lost, and would not require uniform modification and could be placed anywhere on nurses’ 508 
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clothing. Using options such as a hairgrip style fastener or a magnetic attachment would limit this 509 
placement. Removing this freedom from the experience could lead to lower participant engagement, 510 
especially if the watch could not be placed in the most convenient position, which may vary between 511 
users. The above decisions led to the form shown in Figure 10, with several options for LED 512 
placement. 513 
 514 
Figure 10. Initial overall form. 515 
Attaching the correct device at the start of shifts would be vital. For this, nurses would need to 516 
easily identify their own watch at a glance. The most obvious answer to this was color, something 517 
that is easily imbued into silicone. This can also be changed whilst using the same production mold, 518 
which lowers the cost of production. To test how many colors could be used, the authors created a 519 
palette of nine colors which would be suitable for the environment and easy to distinguish between, 520 
based upon Boynton’s 11 colors “that are almost never confused”, as shown in Figure 11 [35]. 521 
 522 
Figure 11. Nine distinguishable colors. 523 
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It was found difficult to create a larger palette without encountering similar colors. This was an 524 
issue, as hospital wards are likely to have more than nine nurses in a team and may have more than 525 
this on shift at one time. A range of solutions were considered, such as placing stickers on the watch 526 
straps, which could rub off, or keychain-like tags with names or icons on, which may fall off. Whilst 527 
acting out the attaching of a fob watch, the first author found that they held the strap. This provided 528 
an opportunity for a physical indication that could not only be seen but felt. If the strap had bumps 529 
on its surface, the user would become used to the feeling of attaching their watch. If they picked up 530 
a watch with a different number of bumps, they would have a chance to see this but also feel it – a 531 
form of fail-safe. Whilst using symbols or letters in place of bumps would have provided a larger 532 
range, these would not be easy to feel and could be visually problematic at a small scale. 533 
Attaching the BD was intrinsic to its form. Following ideation, two solutions were reviewed: (1) 534 
use an adhesive to temporarily attach the BD or (2) use a watch-like strap. It was realized that some 535 
nurses may not want to provide water bottles for reasons of expense, while other nurses may already 536 
have their own water bottle and want to continue using it. This meant the attaching method had to 537 
be universal. The device would also have to withstand the interactions that a bottle undergoes, such 538 
as being jostled in a rucksack or washed with hot water. Furthermore, the BD could not pose an issue 539 
for infection control and must be easy to clean and not have parts that might trap bacteria. For these 540 
reasons, the adhesive attachment was chosen. The form of the BD was also a focus of ideation, though 541 
the most appropriate was again the simplest – either circular or a rounded square. The rounded 542 
square, whilst in line with the fob watch design, posed an issue – the corners could make it likely to 543 
get caught and dislodged. 544 
4.4. Summary of Design Decisions 545 
In summary, the design decisions taken for the development of the conceptual design were to: 546 
create a digital fob watch device with LCD and mechanical buttons; using LEDs to indicate ‘hydration 547 
tracking’ times; all in a separable silicone housing; that attaches to clothing using a lockable safety 548 
pin; with BLE communication capabilities; paired with a single-use ‘bottle device’; in an enclosed 549 
(waterproof) silicone housing; that attaches to bottles using an adhesive; can register drinks using 550 
gyroscopic and acceleration sensing; and can communicate this to the watch using BLE. 551 
4.5. User Interface Development 552 
To test using three LEDs for the Tracker communication, UI tables were created that detailed the 553 
messages that the LEDs would need to show, in six categories: (1) General UI (device has turned on 554 
etc.); (2) Tracker Display (drink timing); (3) Tracker Display Interrupts (system error etc.); (4) Battery 555 
Display; (5) Charging Display (when connected to charger); and (6) BLE Pairing (connecting devices). 556 
LED flash patterns were designed for the different messages and tested using an Arduino board 557 
and LEDs wired on a breadboard. The flashes were kept below 5Hz in frequency, as going above 5Hz 558 
caused a small likelihood of triggering a seizure in someone with photosensitive epilepsy [35]. This 559 
was deemed an unacceptable risk, especially given the medical context of the research. Above 65Hz 560 
light flashes become safer [35], though are not usable for LED flash messages, discovered during 561 
Arduino testing. 562 
The flash patterns were designed based on the findings of Harrison et al. [36], who discussed 563 
the most successful pattern types for an LED indicator on a mobile phone. It was found that three 564 
LEDs were sufficient and, therefore, it was decided to use this number for the final design. Alongside 565 
the LED flash tables, tables were created for the button press interactions, relating to the BLE pairing, 566 
battery display and LCD display. This proved that the watch device would only require three main 567 
buttons for the major interactions, with three different button press lengths. At this stage, the user 568 
journey was updated with the identified service interactions, as shown in Figure 12. 569 
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 570 
Figure 12. Revised final user journey. 571 
4.6. Form Development 572 
Given that the physical elements of the device had been confirmed, the form was iterated further, 573 
in this instance, using digital illustrations followed by three-dimensional computer-aided design 574 
models. To find the correct scale and button placement, physical models were created (Figure 13) and 575 
tested with two users with different hand sizes. This identified a comfortable size for the device to be 576 
gripped in one hand, although in future this would need to be confirmed using anthropometric data 577 
sampled from UK citizens, which could not be accessed at the time. Two different button 578 
arrangements were tested, with the easiest arrangement for all three buttons to be pressed with one 579 
hand being to place a button on each open edge of the watch body. The LCD display was developed 580 
with a battery display and an icon to indicate whether the watch was in Clock or Stopwatch mode, 581 
with a focus on keeping the LCD uncluttered and easy to read at a glance. The LED shape, size and 582 
placement were then ideated. The chosen solution was selected for reasons of visual balance and 583 
aesthetic quality, as well as ease of viewing whilst checking the time and observing other users’ 584 
watches. 585 
 586 
Figure 13. Physical models for testing scale and button placement. 587 
Sustainability 2020, 12, x FOR PEER REVIEW 18 of 24 
 
The ID bump shape and placement were also experimented with, with the discovery that visual 588 
balance could not be achieved with more than three bumps. Physical prototyping of the watch could 589 
not be carried out during the study, though this would be required to confirm the appropriate form 590 
elements. The above elements were combined into a final design, shown in Figure 14, which was then 591 
3D modelled using Solidworks software. The three-dimensional aspects were modelled around the 592 
inclusion of a clear plastic window, an LCD, a printed circuit board, a 3V rechargeable lithium 593 
battery, a rear battery contact, three LED lightguides and three mechanical buttons. The dimensions 594 
were estimated using comparable components in the first author’s possession or from manufacturer 595 
specifications. This was contained within a half plastic (most likely injection-molded ABS), half 596 
aluminum alloy casing. This would allow the back of the casing to function as a contact for charging. 597 
The watch strap bumps were experimented with, with the design changing to indents rather than 598 
raised bumps; this was completed for aesthetic reasons, but also because it was realized that repeated 599 
use may produce small protrusions over time. 600 
 601 
Figure 14. Exploded view of the final design CAD model. 602 
The BD model was developed with the assumption that the silicone housing need only contain 603 
a CR2032 3V battery and a PCB with a button mounted on top. These preliminary models allowed 604 
for the visualization of the final design, but would not be appropriate for production. A charging 605 
dock, shown in Figure 15, was also created for the purpose of visualization and to explain the 606 
interaction of charging. 607 
 608 
Figure 15. Charging dock visualization CAD model. 609 
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4.6. Service Provision 610 
Preliminary service parameters were identified for the purpose of contextualizing the developed 611 
devices and to explain their integration into the service. This was done with a focus on creating a user 612 
experience that makes the service accessible and encourages high participant engagement. The 613 
service would require further development before being trialed.  614 
The service would involve the provision of a water-point where bottles can be stored, and 615 
watches can be charged. The fob watches would arrive one or two days before program 616 
commencement and would be set up by a Program Liaison. This would involve pairing the watches 617 
with BDs, checking for faults, and placing them on charge. Each nurse would be assigned a watch 618 
color, ideally by preference, to add to the quality of the user experience, and number (1-3) relating to 619 
the indents on the watch strap. The Liaison would establish the importance of the nurse handover – 620 
when watches must be removed from their charging points and attached to uniforms at the start of 621 
shifts and replaced on charging points at the end of shifts. Nurses would be encouraged to remind 622 
each other at this point, as it may be easy to forget to attach or remove a watch. The guide would 623 
explain that nurses can drink from the bottle to which they attach their BD, and that the watch will 624 
register this automatically. If they are not drinking from this bottle, drinks can be registered by 625 
pressing the Tracker UI button. The bottles would need to be approved in relation to infection control 626 
and may need to be provided as part of the service. 627 
At the beginning of shifts, when the watches are removed from the charging points, they will 628 
begin tracking at zero. This means that an internal circuit will begin timing the period between drinks, 629 
lighting up an LED as each hour passes. When the fourth hour without drink registry is reached, the 630 
LEDs will begin flashing. These time periods are preliminary only and would require validation 631 
during trials. During the shifts, watches will collect data on how frequently drinks are registered and 632 
how they are registered. When the watches are placed on charge, they will transfer this data to the 633 
water point. This would be completed either through the charging points or using BLE 634 
communications and would be confirmed during later development. The data would not be 635 
personalized to assure nurses that they are not being tracked in any way and that the data is used to 636 
provide insights only. The data would then be processed at the close of the program with regard to 637 
the following questions: 638 
• Has hydration frequency improved during the program? 639 
• At what level do prompts become most effective? 640 
• Have hydration types changed (bottle vs. manual registering)? 641 
• Does one nurse drinking remind other nurses to drink? 642 
• Are there good or bad times of day, or activities, for hydration frequency? 643 
• How does the program effectiveness vary between wards? 644 
Data analysis can then be completed over time to refine the service and adapt it to different 645 
hospital ward environments. It can also inform future decision makers and industrial designers about 646 
ward design, with respect to nurse health and wellbeing, and decisions relating to staff and workflow 647 
management, especially with regard to times of day or activities where it is particularly difficult to 648 
remain hydrated. At the close of the hydration program, the liaison can discuss with the nursing team 649 
the overall improvements that have been made and any points for further development. This creates 650 
an opportunity for nurses to view the progress they have made and to celebrate. It would also allow 651 
nurses to discuss if they have noticed any changes in their health and wellbeing; in future research, 652 
it is worth considering whether a survey could be used to collect data on these changes. The 653 
technological water point components would be removed, leaving behind a simple water-storage 654 
area. This would provide nurses with continued ease of access to water on the ward, without 655 
sacrificing technological components that can be reused in the interest of reduced cost and added 656 
sustainability. Nurses would be encouraged to continue using fob watches where possible and it may 657 
be possible to provide these at the close of the program. These provisions would help with the 658 
maintenance of new hydration habits, but would have financial implications and may be dependent 659 
on the level of service provision requested by the NHS trust. 660 
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4.7. Case Study 661 
To clarify how the service would be implemented, a case study has been presented in the context 662 
of the Guy’s and St Thomas’ Patient ward – a 17 bed Urology hospital ward. For the purpose of this 663 
case study, a number of assumptions have been made: (1) the water point design and water bottles 664 
have been cleared for use by infection control teams, (2) the methods have been validated by a trial 665 
stage using hydration and cognition tests, (3) the ward operates on a 12.5 hour shift rotor with 5 666 
nurses per shift and 20 nurses on the rotor in total, (4) nurses wear a pre-COVID-19 level of PPE, and 667 
(5) ward/hospital management have requested the implementation of the service. To begin, the 668 
Program Liaison completes an analysis of the ward, primarily to determine where the water point 669 
will be located in the nurse station (dependent on minor rearrangements, power supply availability 670 
and proximity to electrical equipment) and how large it needs to be, dependent on number of 671 
required water bottles and fob watches. Then, the Program Liaison will install the water point and 672 
charge the fob watches, within a timeframe agreed with the hospital management team. Nurses on 673 
the ward will be informed of the intention to carry out the optional program and will be provided 674 
with informational material to explain its purpose and the benefits of taking part (i.e. improved health 675 
and well-being, and improved ability to provide healthcare). 676 
The 12-week program will begin with an introductory session wherein the Liaison explains the 677 
use of the fob watches, BDs and water station to participating nurses. It will be necessary to schedule 678 
such sessions with ward management to avoid interruption of healthcare practices. During these 679 
sessions, the nurses will be encouraged to use the connected water bottles (nurses own bottle or 680 
bottles provided by the program) to supplement their usual hydration habits and will be provided 681 
with informational materials covering the fluids most appropriate for hydration, and the impacts that 682 
different drinks can have during a shift (i.e. high sugar or caffeinated drinks). There will also be a 683 
focus on drinking from reusable bottles to reduce the environmental impact of consuming water from 684 
disposable containers, especially single-use plastic containers. The Program Liaison will then express 685 
the importance of avoiding peer pressure or coercion regarding the drinks nurses choose to consume 686 
and will stress the freedom of choice that nurses will continue to have throughout the program. This 687 
will act as a measure to avoid any ethical or legal issues that could be encountered by a lack of clarity 688 
as to whether the employer is forcing the consumption of water upon their staff, and the reduction 689 
in productivity that this perception could cause through a disruption of workplace harmony. Nurses 690 
will be reminded that the Tracker UI button can be used at any time to register any drink not taken 691 
from their connected bottle. 692 
Nurses will then begin to use their fob watches, which will record data anonymously and 693 
transfer it to the water point when charging. The water point can then either upload this data to a 694 
remote server using an available internet connection or store it, depending on connection availability. 695 
This can enable an analysis software to monitor the use of the watches and flag any issues that may 696 
arise involving improper use. It may be necessary for the Program Liaison to return to the ward, if 697 
any issues of misuse or poor device functionality arise. At the close of the 12-week period, the 698 
Program liaison will return to the ward and collect all fob watches and BDs, and then remove the 699 
charging and data storage components of the water point. This would leave behind a dedicated bottle 700 
storage area in the nurse station and allow for the reuse of the technological elements of the service 701 
to reduce environmental impact and reduce NHS costs. A survey will be administered to 702 
participating nurses to record qualitative data regarding whether they perceive their health and well-703 
being to have changed and their perceptions of the service quality. 704 
This case study brings to light several potential limitations. Firstly, a Urology ward does not 705 
typically require extensive use of PPE, although developments in PPE usage throughout the 706 
Coronavirus pandemic has highlighted that a fob watch may not be visible or usable whilst wearing 707 
gowns over uniforms. For the proposed solution to be effective while using such PPE, the device 708 
design and location would need to be further considered in later stages of development. This may 709 
address the limitations of the BCI device in environments where extensive PPE is typically worn (e.g., 710 
operating theatres). Secondly, the service procurement may depend on whether employers perceive 711 
it as a necessary expense, for which preliminary hydration and cognition testing of staff may be 712 
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required. Thirdly, this approach is limited by the lack of inclusion of the employers as participants in 713 
the process and would be improved by giving access to data for managerial insights. They may also 714 
benefit from using an adapted version of the service tailored to office environments, which could 715 
adjust employer perceptions of the need for improving hydration. 716 
4.8. Discussion 717 
Insights from both the in-depth interview and video observation suggested that the best 718 
approach for implementation would be to provide a sanitary water bottle storage area i.e., the water 719 
point, and to integrate a BCI within a device that is both familiar and visible i.e., the fob watch. The 720 
workshop nature of the solution allows for resources to be reused, rather than equipping each nurse 721 
with a smart water bottle which inflates costs and decreases the sustainability of the solution (i.e., 722 
increased transport, resource extraction, and consumption). Due to the limited capacity for trialling 723 
and testing during this study, the solution proposed is conceptual only. 724 
Due to the above points, the authors believe that the proposed solution can be an effective short-725 
term and low-cost approach, with the potential to inform longer-term environmental adjustments 726 
(e.g., improved ward designs) that may require larger investment. Given that hospitals require 727 
constant development and improvement in pursuit of the highest quality healthcare, pairing data-728 
collection with well-being improvements has the capacity to improve hospital wards and healthcare 729 
provision in both the short and long term. A key component of this is to develop understanding of 730 
nurses’ behaviours, to enable the improvement of future hospital wards in a staff-centred and user-731 
centred manner. This study confirms that the issues faced with regard to personal hydration in 732 
nursing, and the prioritisation of healthcare provision over nurse personal welfare, have roots in 733 
behavioral psychology. In order to limit the potential impact this has on patient well-being, an 734 
approach that can create healthy habits while providing more detailed insights into existing 735 
behaviors was developed. However, this does not conclusively mean that the device designed is the 736 
best approach, especially given the extensive PPE now worn in hospital wards; further development 737 
is therefore required before the proposed solution can be made effective in the current environment. 738 
The proposed solution may also be more effective than other hydration station solutions, as 739 
discussed by Boustead [10], due to its focus on behavior change and habit formation. At the time of 740 
the study, no studies exist that propose alternative solutions to combat the issue of nurse hydration. 741 
5. Conclusions 742 
This paper reports the design development of a behavior change intervention device and service 743 
provision aimed at supporting the health and wellbeing of personal hydration habits for NHS ward-744 
based nurses. Whilst further development of the device and program is required, the authors believe 745 
that the relevant aspects of the solution have been well defined. Further practical development should 746 
be conducted to explore form development and testing, a key component of the user experience. 747 
More stakeholders should also be incorporated, as the design process followed has not been wholly 748 
user-centered. Further, this research requires greater user testing to confirm that the applied theories 749 
work. The ramifications of COVID-19 have limited participant engagement and the physical 750 
prototyping of elements in the design, though it is believed that the solution can progress into a trial 751 
stage after additional development of the service, the water point, and the design for manufacture. 752 
Further developmental work should focus on how disinfecting can be incorporated into the 753 
process, especially with the reuse of devices. The more stringent infection control standards of the 754 
current healthcare climate may have implications for the use of a water point, and this should be a 755 
focus for future development. Concerns were raised by management at Guy’s and St Thomas NHS 756 
Foundation trust on how the system would work given the required PPE during the COVID-19 757 
pandemic. Further exploration is required to make prompts salient under this PPE, and to consider 758 
whether an alternative device may be more effective. Another concern was whether nurses drinking 759 
could appear unprofessional. It may be worth surveying healthcare service users to gain a view of 760 
public opinion on this. This would help to develop approaches to dispel concerns, given the 761 
importance of hydration and improved patient care. Something that might benefit the solution would 762 
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be the incorporation of cognitive testing before and after the program, to identify if any changes take 763 
place. This would be time costly and may only be relevant to the trial stage of development to prove 764 
efficacy. Another aspect of development that should be focused on is the user experience for the 765 
differently abled, as the communications chosen may not be appropriate for all users. This solution 766 
could be transitioned into other sectors with similar workflows, such as factory production lines. It 767 
could also be used to track aspects of staff behavior, but it should be noted that this could easily 768 
become invasive. In a later study the solution could also be used to investigate whether transitioning 769 
to a more flexible time management approach, for instance taking more regular and shorter breaks, 770 
could improve staff health and well-being. This could avoid the complications of the proposed 771 
solution caused by infection control and disruption of professional image. 772 
Author Contributions: Conceptualization, O.P.; methodology, O.P. and R.E.; validation, O.P.; investigation, 773 
O.P.; data curation, O.P.; writing—original draft preparation, O.P.; writing—review and editing, O.P. and R.E.; 774 
supervision, R.E.; project administration, O.P. All authors have read and agreed to the published version of the 775 
manuscript. 776 
Funding: This research received no external funding. 777 
Acknowledgments: The authors would like to thank Dr Busayawan Lam, Dr Gabriella Spinelli and the Design 778 
Department Workshop staff at Brunel University London for their input during this study. Further gratitude is 779 
expressed to the staff of the Patience Ward at Guy’s and St Thomas’ NHS Foundation Trust. 780 
Conflicts of Interest: The authors declare no conflicts of interest. All subjects gave their informed consent for 781 
inclusion before they participated in the study. The study was conducted in accordance with the Declaration of 782 
Helsinki, and the protocol was approved by the Ethics Committee of Brunel University London (Refs: 19064-LR-783 
Jan/2020- 24336-3). 784 
References 785 
1. NHS Staff Survey 2018: National Results Briefing. Available online: 786 
https://www.nhsstaffsurveys.com/Caches/Files/ST18_National%20briefing_FINAL_20190225.pdf  787 
(accessed on 20 April 2020). 788 
2. NHS Health and Well-being: Final Report. Available online: 789 
http://www.healthyregions.eu/uk/Boorman%20NHS%20HWB%20Final%20Report%20Nov%2009.pdf 790 
(accessed on 14 March 2020). 791 
3. El-Sharkawy, A.M.; Bragg, D.; Watson, P.; Neal, K.; Sahota, O.; Maughan, R.J.; Lobo, D.N. Hydration 792 
Amongst Nurses and Doctors On-call (The HANDS on Prospective Cohort Study). Clin Nutr. 2016, 35, 935-793 
942, doi: 10.1016/j.clnu.2015.07.007. 794 
4. Armstrong, L.E.; Johnson, E.C. Water Intake, Water Balance, and the Elusive Daily Water Requirement. 795 
Nutrients. 2018, 10, 1928-1953, doi: 10.3390/nu10121928. 796 
5. Interim NHS People Plan. Available online: https://www.longtermplan.nhs.uk/wp-797 
content/uploads/2019/05/Interim-NHS-People-Plan_June2019.pdf (accessed on 15 April 2020). 798 
6. Fernandez, M.E.; Ruiter, R.A.C.; Markham, C.M.; Kok, G. Intervention Mapping: Theory-and Evidence-799 
Based Health Promotion Program Planning: Perspective and Examples. Front Public Health. 2019, 7, doi: 800 
10.3389/fpubh.2019.00209. 801 
7. Maslow, A.H. A Theory of Human Motivation. Psychol. Rev. 1943, 50, 370-396, doi: 10.1037/h0054346. 802 
8. NHS Sickness Absence Rates – April 2014, Provisional Statistics. Available online: 803 
https://digital.nhs.uk/data-and-information/publications/statistical/nhs-sickness-absence-rates/nhs-804 
sickness-absence-rates-april-2014-provisional-statistics (accessed on 16 April 2020). 805 
9. NHS Sickness Absence Rates November 2019, Provisional Statistics. Available online: 806 
https://digital.nhs.uk/data-and-information/publications/statistical/nhs-sickness-absence-rates/november-807 
2019 (accessed on 16 April 2020). 808 
10. Back to Basics: Staff Hydration. Available online: https://www.nhsemployers.org/blog/2018/08/what-809 
could-your-organisation-do-to-promote-staff-hydration (accessed on 29 November 2019). 810 
11. Elmadfa, I.; Meyer, A.L. Patterns of Drinking and Eating Across the European Union: Implications for 811 
Hydration Status. Nutr Rev. 2015, 73, 141-147, doi: 10.1093/nutrit/nuv034. 812 
Sustainability 2020, 12, x FOR PEER REVIEW 23 of 24 
 
12. Michie, S.; Richardson, M.; Johnston, M.; Abraham, C.; Francis, J.; Hardeman, W.; Eccles, M.P.; Cane, J.; 813 
Wood, C.E. The Behavior Change Technique Taxonomy (v1) of 93 Hierarchically Clustered Techniques: 814 
Building an International Consensus for the Reporting of Behavior Change Interventions. Ann Behav Med. 815 
2013, 46, 81-95, doi: 10.1007/s12160-013-9486-6. 816 
13. Yardley, L.; Spring, B.J.; Riper, H.; Morrison, L.G.; Crane, D.H.; Curtis, K.; Merchant; G.C.; Naughton, F.; 817 
Blandford, A. Understanding and Promoting Effective Engagement with Digital Behavior Change 818 
Interventions. Am J Prev Med. 2016, 51, 833-842, doi: 10.1016/j.amepre.2016.06.015. 819 
14. Gardner, B.; Rebar, A.L. Habit Formation and Behavior Change. Oxford University Press: Oxford, UK, 820 
2019. 821 
15. Lally, P.; Van Jaarsveld, C.H.M.; Potts, H.W.W.; Wardle, J. How are Habits Formed: Modelling Habit 822 
Formation in the Real World. Eur. J. Soc. Psychol. 2010, 40, 998-1009, doi: 10.1002/ejsp.674. 823 
16. Foster, J.M.; Reddel, H.K.; Usherwood, T.; Sawyer, S.M.; Smith, L. Patient-perceived Acceptability and 824 
Behaviour Change Benefits of Inhaler Reminders and Adherence Feedback: A Qualitative Study. Respir 825 
Med. 2017, 129, 39-45, doi: 10.1016/j.rmed.2017.05.013. 826 
17. Klöckner, C.A.; Blöbaum, A. A Comprehensive Action Determination Model: Toward a Broader 827 
Understanding of Ecological Behaviour Using the Example of Travel Mode Choice. J. Environ. Psychol. 828 
2010, 30, 574-586, doi: 10.1016/j.jenvp.2010.03.001. 829 
18. Alzahrani, H.; Alnanih, R. The Effect of User Experience on the Quality of User Interface Design in Healthcare. 830 
Advances in Data Science, Cyber Security and IT Applications. Springer, Cham, 2019; pp. 42-51. 831 
19. Norman, D. The Design of Everyday Things, MIT Press: Cambridge, United States of America, 2013. 832 
20. What is the framework for innovation? Available online: https://www.designcouncil.org.uk/news-833 
opinion/what-framework-innovation-design-councilsevolved-double-diamond (accessed on 15 October 834 
2019). 835 
21. The Big Hospital Experiment. Available online: https://www.bbc.co.uk/programmes/m00084z3 (accessed 836 
on 18 February 2020). 837 
22. Rest, Rehydrate, Refuel. Available online: https://www.rcn.org.uk/healthy-workplace/healthy-838 
workplaces/health-and-safety/rest-rehydrate-refuel (accessed on 12 March 2020). 839 
23. The NMC Register. Available online: https://www.nmc.org.uk/globalassets/sitedocuments/other-840 
publications/the-nmc-register-2018.pdf (accessed on 15 April 2020). 841 
24. Van Boeijen, A.; Daalhuizen, J.; Zijlstra, J.; Van der Schoor, R. Delft Design Guide, 1st ed.; BIS Publishers: 842 
Amsterdam, The Netherlands, 2014. 843 
25. IDEO. The Field Guide to Human-Centered Design, 1st ed.; IDEO: Canada, 2015. 844 
26. Van Merriënboer, J.; Sweller, J. Cognitive Load Theory in Health Professional Education: Design Principles 845 
and Strategies. Med Educ. 2010, 44, 85-93, doi: 10.1111/j.1365-2923.2009.03498.x. 846 
27. Endsley, M. A Taxonomy of Situation Awareness Errors, Human Factors in Aviation Operations. 847 
Proceedings of the 21st Conference of the European Association for Aviation Psychology; 1995, 287-292. 848 
28. Intro to Bluetooth Low Energy. Available online: https://www.bluetooth.com/bluetooth-resources/intro-849 
to-bluetooth-low-energy/ (accessed on 14 March 2020). 850 
29. Tile Sticker. Available online: https://www.thetileapp.com/en-gb/store/tiles/sticker (accessed on 15 March 851 
2020). 852 
30. Li, G.; Geng, E.; Ye, Z.; Xu, Y.; Lin, J.; Pang, Y. Indoor Positioning Algorithm Based on the Improved RSSI 853 
Distance Model. Sensors. 2018, 18, e2820, doi: 10.3390/s18092820. 854 
31. Silicon Moulding: Prototyping, Small Batch, and Low-volume Production. Available online: 855 
https://www.gs-proto.com/services/silicone-molding/ (accessed on 1 May 2020). 856 
32. Rothberg, M. B.; Arora, A.; Hermann, J.; Kleppel, R.; Marie, P.S.; Visintainer, P. Phantom Vibration 857 
Syndrome among Medical Staff: A Cross Sectional Survey. BMJ. 2010, 341, c6914. doi: 10.1136/bmj.c6914. 858 
33. Jacobs, L.; Keown, C.; Worthley, R.; Ghymn, K. Cross-cultural Colour Comparisons: Global Marketers 859 
Beware! Int. Mark. Rev. 1991, 8, 21-30, doi: 10.1108/02651339110137279. 860 
34. Boynton, R. Eleven Colours That Are Almost Never Confused. Proceedings of the International Conference 861 
on Optoelectronics and Laser Applications in Science and Engineering, Los Angeles, United States of 862 
America; SPIE, 1989. 863 
35. Harding, G.; Harding, P. Photosensitive epilepsy and image safety. Applied Ergonomics. 2010, 41, 504-508, 864 
doi: 10.1016/j.apergo.2008.08.005. 865 
Sustainability 2020, 12, x FOR PEER REVIEW 24 of 24 
 
36. Harrison, C.; Horstman, J.; Hsieh, G.; Hudson, S. Unlocking the expressivity of point lights. Proceedings of 866 
the SIGCHI Conference on Human Factors in Computing Systems; 2012, 1683-1692. 867 
 
© 2020 by the authors. Submitted for possible open access publication under the terms 
and conditions of the Creative Commons Attribution (CC BY) license 
(http://creativecommons.org/licenses/by/4.0/). 
 868 
